We describe an assay for high-density lipoprotein cholesterol, adapted to a centrifugal analyzer, the GEMSAEC System 3, which includes use of an increased Mn2+ con- 98(1976)].
MnCl2 areused.The HDL fraction remainsinthesupernate and is conveniently estimatedby measuring thecholesterol content. Enzymatic cholesterol methods can provide excellent precision and improved specificity (16, 17); however, difficulties have been encountered in adapting the enzymatic methods to the determination of HDL cholesterol when heparin and MnC12 are used as the precipitating agents (11, 18, 19) .
We report here a method adapted toa centrifugal analyzer, which incorporates the recent advances reported by Warnick 
Materials and Methods

Reagents
Heparin:
"Panheparin"
(10 000 USP units/ml; Abbott Laboratories, North Chicago, III. 60064) was used in all experiments; it was stored at 4 #{176}C. 
Cholesterol reagent diluent:
A 0.2 mol/liter EDTA stock solution contained
7.45 g Na2EDTA-2H20 (Sigma Chemical Co.,St.Louis,Mo. 63178) in 100 ml ofde-ionized water,the pH adjusted to6.7with NaOH. A 4 mmol/liter EDTA working solution was prepared by 50-fold dilution (18).
Enzymatic cholesterol reagent: Unless specified otherwise we used the "Calbiochem Enzymatic Cholesterol S.V.R." (Calbiochem, La Jolla, Calif. 92037) reconstituted with 10.0 ml of the 4 mmol/liter EDTA.2 When specifically noted, the "Spinchem" enzymatic reagent for cholesterol (SmithKline Instruments, Inc., Sunnyvale, Calif. 94086) was used; this 2 use these reagents for both HDL cholesterol and total cholesterol assays. If only HDL cholesterol assays are to be run with the Calbiochem reagent, then the vial can be reconstituted with 15.5 ml of the 4 mmol/liter EDTA. reagent was found to be satisfactory when reconstituted with 20.0 ml ofthe 4 mmol/liter EDTA.2
Calibration:
Vial B from the "Calbiochem Lipid Mix-Pack" (Calbiochem) was used as the secondary standard and was reconstituted at least every five days and a minimum of 2 h before its first use.
LDL and VLDL precipitation:
The procedure given by Warnick and Albers (20, 22) was used, with the volume of added heparin/Mn2 precipitating reagent proportionately reduced for the 1.0-and 0.5-ml serum samples. To correct for the dilution produced during the precipitation step, the determined HDL cholesterol concentrations are multiplied by
HDL cholesterol analysis:
The GEMSAEC System 3 (Electro-Nucleonics, t The values for HI and LO are set to flag HDL cholesterol values that would be greater than 700mg/liter or less than 350 mg/liter after correcting for the 1.1 dilution factor. These samples are repeated before results are reported.
The Early Reading switch on the control module, if present, must be in the normal, "NOR," position.
The air pressure has been lowered to 69 kPa (10 psi) instead of the recommended 103 kPa (15 psi). The assay has a 1/61 ratio of specimen volume to total reaction volume.
Modifications to the GEMSAEC analyzer:
Implementation of cholesterol assays with this analyzer presented several problems,which were eliminatedby minor modifications. These modifications arediscussed hereforreaderswho plan tousecentrifugal analyzers. Initially, we observedcarryover that was independent of the pipetting; results were affected 
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by the samples in neighboring cuvettes. By monitoring the reaction at 60-s intervals and observing the oscilloscope, we determined that thecontamination coincided with themixing burst in the run. This "splash" phenomenon was overcome by lowering the air pressure from 103 to 69 kPa and by eliminating theshort mixing burst in the "early reading" system.
These modifications have proven to be compatible with all other chemistries presently performed on our analyzer. Due to the decreased air pressure, a second wash cycle (manual mode) has been beneficial after each cholesterol run, to remove residual material. This extra wash has not been needed with the other assays. Incubation time has been maintained at 12 mm so that both the HDL cholesterol and total cholesterol assays will go to completion if included in the same run. For the HDL cholesterol assays alone, the running time might be shortened, but we have notconfirmed this experimentally.
Another problem involved calibration of the cholesterol run. When the disc was loaded with the Rotoloader, samples of known cholesterol concentrations were underestimated. This problem has also been noted by others (23), but we observed that this sampling error seemed to decrease with prolonged use. We found that preconditioning the stainless-steel sample tip essentially eliminated the problem. Our preconditioning procedure includes a 10-mm soak in a serum containing a high cholesterol concentration, a priming step of 20 cycles, and a wash step wherein the tip is flushed 12timeswithwater. Using an assayed serum, 4530 mg/liter cholesterol, we obtained, before preconditioning the sample tip, a mean value of 4392 mg/liter; the 32 determinations ranged from 4270 to 4480 720 mg/liter with a standard deviation of 42.8 mg/liter. After the 5 tip was preconditioned the mean was 4523 mg/liter; the 21 determinations ranged from 4470 to 4560 mg/liter with a * standard deviation of 26.5 mg/liter. At this point, the rationale 0 for the preconditioning is pragmatic; the information is provided for the benefit of those using GEMSAEC analyzers.
1.0
Pseudocholesterol concentrations:
A fine precipitate develops in the reaction mixture when enzymatic cholesterol 3 reagents are used to analyze samples precipitated with the 0 heparmn/Mn21 reagent. Observable turbidity disappears when the enzymatic cholesterol reagent contains EDTA as sug640t gested by Steele et al. (18) , although pseudocholesterol con320t centrations due to an interaction of the enzymatic reagent 0.500 withMn2 are not entirely eliminated (18, 19). The pseudo-2 cholesterol concentrations detected in HDL reagent blanks 0 (water plus heparmn/Mn2+ reagent) also depend somewhat on the source of the enzymatic reagent and the use of EDTA. 0.000
When reconstituted with the 4 mmol/liter EDTA, the Cal-0 biochem reagent gave a mean pseudocholesterol concentration of 33 mg/liter (70 determinations) whereas the Spinchem reagent gave a mean of 9 mg/liter (48 determinations). When reconstituted with water, the Calbiochem reagent gave a mean pseudocholesterol concentration of 18 mg/liter (21 determinations) whereas the Spinchem reagent did not demonstrate a cholesterol concentration in the assayed HDL reagent blanks (a mean of 0 mg/liter in 22 determinations). Thus, at least when assayed with the GEMSAEC which gives a mean determination from eight readings, EDTA seems to slightly enhance the pseudocholesterol concentrations, even though the precipitate has been eliminated. The component concentrations of the enzymatic reagents, when reconstituted as described in the Materials and Methods section, are quite similar except for the phosphate buffer, 4-aminoantipyrine, and peroxidase which are somewhat more concentrated in the Calbiochem reagent. The differences due to the reagent source are not reflected in the patients' samples that were simultaneously assayed. However, the differences due to the enhancement by EDTA are reflected to some degree (6 to 12 mg/liter) in the patients' samples. The HDL reagent blank effect reached a maximum at relatively low concentrations of the precipitating agents ( Figure  1) ; the pseudocholesterol concentrations were not significantly decreased even by a 10-fold dilution of the heparin/Mn2. However, such low concentrations of heparin/MnS+ are insufficient to completely precipitate the LDL and VLDL fractions (20).
Linearity: Both the HDL cholesterol and total cholesterol assays were implemented on our GEMSAEC analyzer at the same time. Consequently, linearity studies included a range Sample size: Initially, serum aliquots of 1.0 to 3.0 ml were used for the precipitation step, with the volume of heparin/ Mn2 adjusted proportionately; no significant difference was observed in the determined HDL cholesterol concentrations.
To conserve serum, we investigated a 0.5-ml serum aliquot. The volume of the combined heparin/Mn2 reagent to be added was reduced proportionately to maintain the same final concentrations. Precision of the HDL cholesterol concentrations was not compromised by this change in sample volume ( Table 2) . We are now using 0.5-ml serum samples routinely for our HDL assay, except for lipemic sera, where a 1.0-ml serum sample (with 100 zl of heparin/Mn2) is used in case further centrifugation is needed (20-22).
Reference population:
Before offering the HDL cholesterol assay for patient work we screened 224 "healthy" physicians. The results are summarized in Table 3 and the distribution for the male participants is shown in Figure3a. The mean values for both the male and female groupings were slightly higher than those reported from population studies such as HDL cholesterol 1.09 (uncorrected HDL cholesterol -HDL reagent blank). , 25) ; however, this difference couldbe due,atleastinpart,to the younger age of the participants in our population study; 175 of the 202 males were under 40 years of age. Table 3 also gives the mean HDL cholesterol value for male and female ambulatory patients whose sara samples have been evaluated in our laboratory since the introduction of this assay. The distribution, Figure 3b , is comparable to other published population studies (25).
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Analytical Precautions in Measurement of Blood Cyanide F. Lee Rodkey and Robert F. Robertson
Solutions of KCN in 0.1 mol/liter NaOH, stored for six months at 4 #{176}C, were unchanged as determined by silver titration and color development with pyridine-pyrazalone reagent. At room temperature the cyanide concentration of such solutions decreased by 0.079% per day (half life = 880 days) and the extent of color development changed in direct proportion to the change in silver titer. Rubber stoppers adsorb (or dissolve) HCN when in contact with this gas. The cyanide tends to come out of the stopper long after the source of the gas is removed. Rubber stoppers and expired air contaminated by HCN must be carefully avoided during cyanide analysis. Expired air contains HCN, generally in larger amounts for persons who smoke.
We recently published a procedure for measuring blood cyanide concentration (1) . During the development of this procedure we occasionally observed unexplained, aberrant results. Further experience with the method has allowed us to define several additional factors that must be controlled. These include the stability of stock KCN standard solution and two sources of cyanide contamination: expired air and contaminated rubber stoppers.
Materials and Methods
The reagents, apparatus, and proceduresusedwere exactly as previously reported (1) in 0.1 mol/liter NaOH, prepared with de-ionized water. They were then stored at different temperatures and in different containers as noted. Techniques of silver titration of the stock KCN solutions and color development of the working standards were unchanged from those described (1).
Results and Discussion
Stability of KCN:
A long-term instability of stock KCN solutions in 0.1 mol/liter NaOH was suspected when we analyzed several KCN stock solutions that had been prepared several months previously and stored at room temperature without contact with rubber. These solutions gave lower silver-titration values, and the diluted working standards developed less color with the pyridine-pyrazalone reagent. We then prepared three stock KCN solutions and analyzed them periodically by both the silver titration and the colorimetric pyridine-pyrazalone procedures (Table 1) . Stock KCN solutions stored at room temperature in glass or polyethylene containers decreased in titer at about the same rate. Only 86.5% of the initial cyanide remained after six months. The decrease in cyanide at room temperature follows first-order kinetics, with a loss of about 0.079% per day-or a half life of 880 days. The sample stored in plastic at refrigerator temperature, 4 #{176}C, did not change its silver titer by more than about 2 parts per thousand throughout this entire period. Each of these solutions was diluted 1000-fold with 50 mmol/liter NaOH for colorimetric assay with the pyridinepyrazalone reaction by the routine procedure (1) . On the day the stock solutions were prepared, the absorbance was 0.0228 (range, 0.0227-0.0229) for each nanomole of cyanide for all solutions. This value remained constant for the stock solution
